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ANTIPROLIFERATIVE OLIGOMERS 



The invention relates to certain anionic oligomers 
which are useful antiproliferative agents by virtue of 
their ability to inhibit smooth muscle cell proliferation 
These compounds can be used in the treatment of, for 
15 example, atherosclerosis. 

Proliferation of smooth muscle cells in blood vessel 
walls occurs in reponse to vascular injury and in 

20 or^ ati0n ,f th C6rtain diSeaSe Stat6S - The P^feration 
20 of these cells can lead to the formation of pathologic 

lesions, for example, atherosclerosis and postsurgical 

vascular restenosis, various glycosaminoglycans including 

heparin have been reported to inhibit smooth muscle cell 

25 ^! f rr i0n * HOW6Ver ' l0D9 ter ° th6rap y with he P«i» is 
25 limited by its untoward side effects. 

Applicants have discovered that a class of synthetic 
oligomers are heparinmimetic in that this class of 
oligomers inhibits smooth muscle cell proliferation in 

30 culture and in vivo. The synthetic oligomers do not possess 
the liabilities of prolonged heparin therapy. Such 
oligomers would thus be useful in the treatment of a 
variety of diseases and conditions associated with the 
smooth muscle cell and with other cells exhibiting 

35 unregulated cell proliferation. 
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SOMMARY OP THE INVENTION 

This invention relates to the use of anionic polyamide 
and polyurea oligomers of formulae la and lb, respectively, 
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wherein 

X and X3 each independently represent either a 
phenylene group of the formulae 



30 



4 



35 




R 1 



or a biphenylene group of the formula 

20 




the proviso that in a compound of formula la a 
t one of X and X3 nrost be a biphenylene moiety; 
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X" is a group of the formulae 




R1 



R 1 r1 



n R 1 / 
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. -4- 





30 m is an integer 0 or 1, with the proviso that in a 

compound of formula lb when m is 0, R is a hydrogen 
atom; 



35 



XV can be selected from any of the phenyl or biphenyl- 
groups of x and X3 ; . 
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n is an integer of from 3 to 50; 

R represent.- a hydrogen atom, a Ci-C« alkyl group,, a 
phenyl group, or a phenyl group optionally substituted 
with 1 or 2 substituants selected from -S0 3 R2, -co 2 R2, 
-P0 3 (R2) 2 , or -OP0 3 R2 and optionally substituted with' 
from 1 to 3 substituents selected from chloro, bromo, 
or C1-C4 alkyl; 

R 1 represents -SO3R2, -C0 2 R2, -P0 3 (R2) 2 , or -OP0 3 R2 ; 

R2 represents a hydrogen atom or a pharmaceutically 
acceptable cation; 

R3 represents -R or -X"-NH 2 , where R and X" are defined 
as before; 

R* represents H 2 N-X»-NH-, R20-, rnh-, G r R-C<=0)-NH-X»- 
20 NH-; and 

R 7 represents a hydrogen atom, R20-C{=0)-X"-C(=0)-, 
R-C(=0)-, or RNH-C(=0)-X"-C(=0)-. 

25 DETAILED DESCRIPTION OF THE INVENTION 

The oligomers of the present invention are polyamides 
and polyureas having a number average molecular weight Mn 
of <10,000 comprising recurring units coupled by carbonyl 

30 linking moieties, said oligomer having anionic groups and 
predominantly linear geometry such that regular spacing 
between anionic groups exists in an aqueous medium. The 
oligomers are preferably, linear in their backbone and also 
may be in their salt form. Particularly preferred salts 

35 are those that are pharmaceutically acceptable. 
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The term "pharmaceutical^ acceptable cation" means a 
cation acceptable for pharmaceutical use. Those cations 
that are not substantially toxic at the dosage administered 
to achieve the desired effect and do not independently 
possess significant pharmacological activity are included 
within the term "pharmaceutically acceptable cation". 
Illustratively, these salts include those of alkali metals, 
such as sodium and potassium? alkaline earth metals, such 
as calcium and magnesium; ammonium; light metals of Group 
IIIA including aluminum; and organic primary, secondary and 
tertiary amines, such as trialkylamines, including 
triethylamine, procaine, dibenzylaine, N,N'-dibenzylethyl- 
enediamine, dihydroabietylamine, M-(C 1 -C 4 )alkylpiperidine, 
15 and any other suitable amine. Sodium and potassium salts 
are preferred. The terra "pharmaceutically acceptable- 
means suitable for administration to warm blooded animals, 
especially human beings, and includes being nontoxic, e.g. , 
suitable for pharmaceutical use and is not poisonous to the 
20 warm blooded animal. The pharmaceutically acceptable 
cations of the oligomers of the present invention are 
prepared by conventional ion exchange processes or by 
treating the Ri acid with an appropriate base. 



25 The oligomers of the present invention are low 

molecular weight, rigid backbone, water soluble polymers . 
Additionally, the oligomers have ordered anion spacing. By 
"ordered anion spacing" or "regular spacing between anionic 
groups" is meant that the anionic groups (Ri) are present in 

30 the backbone of the polymer at intervals determined by the 
starting material reagent used and the occurrence of the 
anionic groups is controlled in a predictable manner. 

The terms "predominantly linear geometry" in an aqueous 
35 medium refers to the solution configuration of the 
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oligomer, a method well known in the art for 
characterization of the solution configuration of polymer 
molecules is based on the following formula, referred to as 
the Mark-Houwink equation ["Introduction to Physical 
Polymer Science", ed. L.H. Sperling, pub. John Wiley S Sons 
(1985), pp. 81-83], 

[n] = km° 

wherein n is intrinsic viscosity; M is weight average 
molecular weight; K is a constant related to chain bond 
dimension; and a is a constant determined by polymer 
configuration. The intrinsic viscosity („) for a random 
coil polymer is 0.5<«<0.9; and for a linear polymer is 
0.98<= a <i. 8 . This formula relates the solution viscosity 
15 n to the molecular weight "M". For this invention linear 
polymers are defined as having "a" values greater than or 
equal to 0.9. For a rigid rod polymer the theoretical 
upper limit is 1.8. For a given molecular weight, a higher 
solution viscosity will be obtained from polymers with a 
linear configuration relative to those polymers which exist 
as^a random coil. An additional consideration is that the 
a value is a function of the solvent used. The "a" for a 
given water soluble polymer may be different at different 
salt concentrations. For this invention, the salt 
concentration is set at the levels present in serum 
(approximately 80 g/L NaCl, 4 g/L KC1). 

As used herein, the term "oligomer" encompasses all the 
possible values for n, e.g., 3 through 50. The oligomers 
are preferably linear with n equal to an integer from 3 to 
50, preferably from 3 to 20, more preferably from 3 to 15 

ZiZr e ?\t he n V3lUe " dirSCtly rel3ted t0 the * ole <^r 
weight of the resulting oligomer, it is essential that 

these oligomers are of sufficiently low molecular weight in 

order to pass through the renal excretory membrane, but 
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able to inhibit smooth muscle cell prolif eration Th 
average molecular . ^^"eration. The 

<* the t„. i" 9 ° VeC " ad by "» "°^°»try 

most ri^^r.r j H cr^-" , -r 

9 ro» P a „a which Jn ,," " °" a acid ™<> <* «» « 

Physioloaica e M~ k Ca °" Si9 ° ltieMt 
»«ein. „i ab" hi:" 6 " « Scribed 

M »«al and alkali..^ !h *" 

calcium hydroxide M f ae • nyaroXxde ' P°tassxum hydroxide, 
jo M— b, and tM U,r y a^J^d ^;. P """' 

— sub g ro„p S of confounds are prefe" d T C °'* P! "" ,dS 
compounds of formulae la and lb th °" 
» ia an latter of from 3 to 18 ,' " ''^""'^ " h " ei " " 
compound. „ ft . retn „ 3 J ° " *" P"*«red, „ U h the 

»«« preferred, and th„ °' S to 15 bei »9 

'«e 9 .r , bein Z^l^t """" ' U °" 
formulae 1. and lb, tnoa " «» «P™i» .1 
» «e a -so,«, eepeciaiiv tfio " " ln **• " , 9tou *' 

. ^™c.ut I c.l i r.oett t ,h 1 " in tha " J «™» " • 

«>«ein tha catio at ^ •' "°" " P " UU » thM < 

a sodl ™ = a "<=n, are preferred. 
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u » h " s :,r eferred are *-* ~ 0£ £onml . 

«• 1. .n R-C(=0)- OT -x»-sh- eroup. especially .herein . 
» an optio-aUy substituted phenyl oroup. Lst 
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15 




or 




20 



is a phenylene group, especially 
group of the formula; 



a 



paraphenylene 




O 



25 iZJZzz s.-:™ ■ — 



30 




or 
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Dhenv^ 11 R " C(=0) " 9r ° UP 6S P ecia "y wherein R is a 
Phenyl group or a 4-methylp heny i group. 

5 lb w h ^°in Preferred th ° Se P ° lyUrea C ° mp0tlnds of too- 

thoL an K 0i>ti0nally SUbstifcuted P^nyl group especially 
Toll Wh6rein ' 18 3 or a 4- n e t Jp he nyi y 

m is the integer 1; 

10 llo'lt r° yl " biPhenyl — by one or 

.oLJ !• "POCfUy those wherein R> is . 

sodium cation; and 

* 3 is an optionally substituted phenyl group 

^^vri?? are K thoae < ~ u ib 



25 




d.scru e .d 0l i„T rS ™ * the prooedures 

Ju »; , :: o :i p T nt »"»3«.t.- 

' » published January 22, 1992. 
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The abxlity of the sulfonated oligomers of this 
inven xon to act as inhibitors of smooth muscle cell 
proliferation can be demonstrated by their abil J . 

add.-- « * Stimulated fc ° Proliferate by the 

addition of serum (Pi a i p ano i • 

ing. i, panel A) or instead • . 

(PDGF) or other agents , Pio . 2, » a „ els A ana 

to nsr^L** mito9enic sctivity - «» 

tory activity is associated with polvmer i-««i.u u . 
optrmal at chai „ u „ 9ths betuMn WJ-J be lna 

™o P : a r t o i ° hibitl0n ° £ "P»«"on anH " " 
correspond™, decrease on cell numbers (Flo. 1 „„., „, 

5 Pan e en: el " i0n """"" «* ^ ^ " 

concentration, J J " °' eXP ° SUre '° "c-cytotoaic 

.nuptur.:." :. a ? 5 i° ws that these «—» * «« 

PtoUrerat" n ^ao iV ,"' 
» 3, and calf corona^ , TT" "~ U 

smooth muscle M « ' 5 ' bo » U ^. «» "ascular 

- Wiferative a,en^ u •S^uT-"..?*' " 
Post-mi togenic . as 12 hour s 

ceu «jz 6 °r ith the kno " n sTOoth - uscie . 

The bioavailability and ineioo activity of su„h 

b y baLoo„^ n ;:::; i s o r ei in — — 

cell layer and "T" 

A sinole intraoeriton.,, • » l 9'«"n and proliferation. 

« "0.12, foTo^T arter'Ta " *»» ° f 

were then sacrifi^ a d =°^«ion. The animals 

ceils .ithrn „e ra T'T T rePliCaUO " "« ° £ 

The aortas were removed > 

removed from the animals, and pulsed as an 
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explant with [3H]thymidi„e (a dha precursor, to measure its 
incorporation into DNA relative to that of aortas from the 
sham operated rats as negative controls, and with 
nontreated but balloon catheterized, animals as positive 
5 controls. The data of Figure 7 show that MDL 100,127, when 
administered to rats, blocked DNA replication of the SMC in 
the aortic vessel wall of these animals. 

The amount of the anionic polyamide and polyurea 
10 oligomer of formula la or lb to be administered can vary 
widely according to the particular dosage unit employed, 
the period of treatment, the age and sex of the patient 
treated the nature and extent of the disorder treated, and 

15 or iT ani ° niC P ° lyamide or Poly»r.a of formulae la 

15 or lb selected. Moreover the anionic polyamide and 

TtlZZ° £ f T lae ^ ^ ^ ^ US6d in function 
with other agents useful in inhibiting smooth muscle cell 

proliferation and agents known to be useful to treat the 

symptoms of and complications associated with diseases and 

smooth T USed ^ Sm0 ° th mUSCle CeU The 
smooth muscle cell inhibitory effective amount of anionic 

ST? ? 1 P ° lyUrea ° lig0mer ° f f ° rmUla 13 ^ lb o be 

To TT 9enerally " nge fr0a about 15 «*A9 to 

500 mg/kg A unit dosage may contain from 25 to 500 mg of 

anionic polyamide and polyurea of formulae la and lb, and 

Z^lToU " °° re "~ - Polype and 

polyurea oligomers can be administered with a 

either 1 Carri6r USin9 ^sage unit forms 

either orally, parenterally, or topically. 

30 

suchl 6 term " Patient " US6d herein iS taken to — mammals 
such as primates , . nclud . ng humanSf sheepf horse 

Pigs, dogs, cats, rats and mice. 
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The preferred route of administration is oral 
administration. For oral administration the anionic 
polyamide and polyurea oligomers can be formulated into 
solid or liquid preparations such as capsules, pills, 
5 tablets, troches, lozenges, melts, powders, solutions, 

suspensions, or emulsions. The solid unit dosage forms can 
be a capsule which can be of the ordinary hard- or soft- 
shelled gelatin type containing, for example, surfactants, 
lubricants, and inert fillers such as lactose, sucrose, 
10 calcium phosphate, and cornstarch. In another embodiment 
the compounds of this invention can be tableted with 
conventional tablet bases such as lactose, sucrose, and 
cornstarch in combination with binders such as acacia, 
cornstarch, or gelatin, disintegrating agents intended to 
15 assist the break-up and dissolution of the tablet following 
administration such as potato starch, alginic acid, corn 
starch, and guar gum, lubricants intended to improve the 
flow of tablet granulations and to prevent the adhesion of 
tablet material to the surfaces of the tablet dies and 
20 punches, for example, talc, stearic acid, or magnesium, 
calcium, or zinc stearate, dyes, coloring agents, and 
flavoring agents intended to enhance the aesthetic 
qualities of the tablets and make them more acceptable to 
the patient. Suitable excipients for use in oral liquid 
25 dosage forms include diluents such as water and alcohols, 
for example, ethanol, benzyl alcohol, and the polyethylene 
alcohols, either with or without the addition of a 
pharmaceutically acceptably surfactant, suspending agent, 
or emulsifying agent. 

30 

The anionic polyamide and polyurea oligomers of this 
invention may also be administered parenterally, that is, 
subcutaneously, intravenously, intramuscularly, or 
- interperitoneally, as injectable dosages of the compound in - 
35 a physiologically acceptable diluent with a pharmaceutical 
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carrier which can be a sterile liquid or mixture of liquids 
such as water, saline, aqueous dextrose and related sugar 
solutions, an alcohol such as ethanol, isopropanol, or 
hexadecyl alcohol, glycols such as propylene glycol or 
5 polyethylene glycol, glycerol Icetals such as 2,2-dimethyl- 
l,3-dioxolane-4-methanol, ethers such as poly (ethylene- 
glycol) 400, an oil, a fatty acid, a fatty acid ester or 
glyceride, or an acetylated fatty acid glyceride with or 
without the addition of a pharmaceutical^ acceptable 
10 surfactant such as a soap or a detergent, suspending agent 
such as pectin, carbomers, methylcellulose, hydroxypropyl- 
methylcellulose, or carboxymethylcellulose, or emulsifying 
agent and other pharmaceutically adjuvants. Illustrative 
of oils which can be used in the parenteral formulations of 
15 this invention are those of petroleum, animal, vegetable, 
or synthetic origin, for example , peanut oil, soybean oil, 
sesame oil, cottonseed oil, corn oil, olive oil, 
petrolatum, and mineral oil. Suitable fatty acids include 
oleic acid, stearic acid, and isostearic acid. Suitable 
fatty acid esters are, for example, ethyl oleate and 
isopropyl myristate. Suitable soaps include fatty alkali 
metal, ammonium, and triethanolamine salts and suitable 
detergents include, cationic detergents, for example, 
dimethyl dialkyl ammonium halides, alkyl pyridinium' 
.halides, and alkylamines acetates;, anionic detergents, for 
example, alkyl, aryl, and olefin sulfonates, alkyl, olefin, 
ether, and monoglyceride sulfates, and sulfosuccinates- 
nonionic detergents, for example , fatty amine oxides, fatty 
acid alkanolamides, and polyoxyethylenepolypropylene 
copolymers; and amphoteric detergents, for example, alkyl- 
beta-aminopropionates, and 2-alkylimidazoline guar ternary 
ammonium salts, as well as mixtures. The parenteral 
compositions of this invention will typically contain from 
about 0.5 to about 25% by weight of the anionic polyamide 
3d and polyurea oligomers of formula la and lb in solution 
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Preservatives and buffers may also be used advantageously. 
In order to minimize or eliminate irritation at the site of 
infection, such compositions may contain a non-ionic 
surfactant having a hydrophile-lipophile balance (HLB) of 
5 from about. 12 to about 17. The quantity of surfactant in 
such formulations ranges from about 5 to about 15% by 
weight. The surfactant can be a single component having 

having T " bS 3 m " tUre ° f tW ° " m ° re c -Ponents 
having the desired HLB. Illustrative of surfactants used 

m parenteral formulations are the class of polyethylene 

sorbitan fatty acid esters, for example, sorbitan 

monooleate and the high molecular weight adducts of 

ethylene oxide with a hydrophobic base, formed by the 

condensation of propylene oxide with propylene glycol. 

The compounds of this invention can also be 
administered topically. This can be accomplished by simply 
preparxng a solution of the compound to be administered, 
preferably using a solvent known to promote transdermal 
absorption such as ethanol or dimethyl sulfoxide (DMSO) 
with or without other excipients. Preferably topical 
administration will be accomplished using a patch either of 
the reservoir and porous membrane type or of a solid matrix 



15 
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25 



Some suitable transdermal devices are described in u S 
Pat. N os. 3,742,951, 3,797,494, 3,996,934, and 4,031,894 
These devices generally contain a backing member which 

30 1 65 T ° f US ^ SUrfaCeS ' M aCtive Permeable 
30 adhesive layer defining the other face surface and at least 
one reservoir containing the active agent interposed 
between the face surfaces. Alternatively, the active agent 
may be contained in a plurality of microcapsules 
distributed throughout the permeable adhesive layer. i„ 
35 either case, the active agent is delivered continuously 
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from the reservoir or microcapsules through a membrane into 
the active agent permeable adhesive, which is in contact 
with the skin or mucosa of the recipient. If the active 
agent is absor bed 5 through the skin, a controlled and 
5 predetermined flow of the active agent is administered to 
the recipient, in the case of microcapsules, the 
encapsulating agent may also function as the membrane. 

In another device for transdermally administering the 
10 compounds in accordance with the present invention, the 
pharmaceutical^ active compound is contained in a matrix 
from which it is delivered in the desired gradual, constant 
and controlled rate. The matrix is permeable to the 
release of the compound through diffusion or microporous 
15 flow. The release is rate controlling. Such a system, 
which requires no membrane is described in U.S. Pat. No. 
3,921,636. At least two types of release are possible in 
these systems. Release by diffusion occurs when the matrix, 
is non-porous. The pharmaceutical^ effective compound 
20 dissolves in and diffuses through the matrix itself. 
Release by microporous flow occurs when the pharmaceu- 
tical^ effective compound is transported through a liquid 
phase in the pores of the matrix. 

25 Definitions 

The terms used in the present application are defined 
as follows: 



30 



n represents the number average repeat length of the 
distribution through all formulae. 



MDL 101,758, 100,127, and 101, 04H mean poly{imino[2,2'- 
•disulf o (1,1- -biphenyl ) -H , i» • -diyljiminocarbonyl} , alpha-{[ ( 4- 
35 »ethylphenyl)amino]-carbonyl}-omega-[(i»-methylDhenyl)amino]- 
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and is represented by Formula 1b above when R is 4- 
methylphenyl, R 2 is sodium, X is 




10 and n is 3, 6, and 9, respectively. 

EXAMPLES 



The following examples illustrate various aspects of 
!5 the present invention: 



EXAMPLE 1 



20 



TAB. INHIBITION OP VASCULAR SMOOTH MUSCLE CELL 
PROLIFERATION BY POLYMERS 



Stimulus 


Treatmentt 


•C5o(|ig)ml 


MDL 
101,044 
(n = 9) 


MDL 
100,127 
(N = 6) 


MDL I 
100,758 
(n = 3) 


PDGF 
(5ng/ml) 


post (24 hours) 
pre (24 hours) 


1.10 
.1-23 


1.08 
0.27 


2.39 
0.46 


TPA(50nM) 


pre (24 hours) 


2.27 


2.44 


3.12 


FBS(10%) 


post (24 hours) 
pre (24 hours) 
+ post (21 hours) 


>28.4 
9.64 


>40.7 
10.60 


>68.8 

i 

17.90 



25 
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* post; length of incubation time with compound after VSMC stimulation; 
pre; length of incubation time with compund prior to VSMC stimulation. 
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EXAMPLE 2 

SMOOTH MTTfiCLE CELL PR QLIFERATTOM ftgcavc 

5 Cell Culture 

Vascular smooth muscle cells (SMC) were isolated 
enzymatically from 2-3 thoracic aortas of male Sprague- 
Dawley rats (150 g). Briefly, aseptically obtained aortic 
strips were pre-digested at 37"C in serum-free Dulbecco's 
Modified Eagle-s Medium (DMEM) containing collagenase (1 
mg/ml) and elastase (0.5 mg/ml) for 15-30 min. The luminal 
side of the aortic strip was gently scraped to remove the 
endothelium and the med'ial layer was separated from the 
adventitia. The medial layer was rinsed and digested for 
an additional 2 hours in fresh enzyme mixture at 37-c. 
Cells were grown in DMEM supplemented with 10% heat- 
xnactivated fetal bovine serum (FBS) , 2 mM L-glutamine, 100 
umts/ml penicillin, 100 mg/ml streptomycin, and 25 mM 4- 
(2-hydroxyethyD-l-piperazineethane sulfonic acid (HEPES) 
20 at 3 7 o C with 5% C0 2 in humidified air. Subculture was 
performed every 7 days after the culture had reached 
confluence. Cultures between the 5th and 9th passages were 
employed in the present study. 

25 3H-thvmi dine corporation 

SMC were removed from their culture flasks by 
trypsinization and seeded at egual density (5.0 x 104/„ e ii) 
xnto 24-well tissue culture plates. Cells were allowed to 
attach and grow to a near-confluent state in DMEM and 10% 

30 FBS (growth medium). This growth medium was then removed 
and replaced with DMEM and 0.2% FBS, and cells were 
incubated for. 48-72 hours to achieve a growth arrest. 
Quiescent cells were then incubated for 21 h in DMEM and 
mitogens or growth factors (TDA, PDGF or FBS) , containing 

35 various concentrations of compounds, in some experiments. 
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quiescent cells were treated with various concentrations of 
compounds for 24 hours, washed twice with DPBS and 
incubated for 21 h in DMEM and growth factors. Finally, 
cells were incubated for 1-3 h in freshly prepared DMEM 
5 containing l u ci I 3H-methyl ] thymidine to measure DNA 

synthesis. Experiments were terminated by washing cells 
with ice cold PBS, precipitation of acid-insoluble material 

I* l* Ce r- 0ld 10% trichloracetic ^id (TCA) and extraction 
of DNA with IN NaOH. After neutralization with 5N HC1, the 
contents of each well was added to a scintillation vial 
with scintillation cocktail and counted in a liquid 
scintillation counter. 

Cell growth 

SMC were seeded into 12-well tissue culture plates at 
the density of l 0 5 cells/well. Cells were allowed to attach 
and grow for 3 days in growth medium. Medium was then 
replaced with fresh growth medium containing various 
concentrations of compounds (day 0) and incubated for 3 
20 days Cell numbers were counted on day 0 and day 3 in a 
Coulter counter. 

Using these procedures, the effects of the oligomers of 
this invention on smooth muscle cell proliferation were 
25 determined and the results are indicated in Figures 1 
through 7. 
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EXPLANATION OF FIGURES 

in* 1 Sh ° WS dose - de P^nt inhibition of serum- 

induced rat vsmc (rvsmc, proliferation by three polyamide 

"?iST nnT lf ° niC 3Cid Phthalate C °P°^rs, «DL 101,044 

n-9,, 100,127 ( n-6), and 100,758 ,n=3). Panel A: Effect 
of compounds on DNA replication. 5 x 104 rvsmc were 
synchronized into the Go state by a 48 h preincubation in 
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serum-deprived media containing 0.2% fetal bovine serum 
(FBS) . cells were then switched to Dulbecco's minimal 
essential media (DMEM) containing various concentrations of 
drug for 24 h. To stimulate proliferation PBS was add«d to 
5 a final concentration of 10% and the cells were incubated 
for 22 h. The medium was then replaced with DMEM 
containing l u ci of 3 H -thymidine and pulse-labeled for 1 h 
Cells were then washed 2 times with PBS, solubilized in l* M 
NaOH and counted. Panel B: Effect of compounds on cell 
10 numbers. Cells were seeded at 5.18 x 104 cells/well in DMEM 
* 10% PBS containing various concentrations of compounds. 
Cells were incubated 3 days and then cell numbers counted. 
The results were normali 2 ed to cell cultures not receiving 
compound (control) and expressed as % of control 
15 Viability was determined by trypan blue exclusion. 

Figure 2 Panel A shows the effect of the various 
polymers on PDGF-induced DMA replication as a measure of 
inhibition of rvsmc cell proliferation. Cells (5 x 104) 
were growth-arrested in 0.2% FBS for 2 days to synchronize 
the cultures. Cells were washed twice with PBS and then 

'"■^ ; lth Vari ° US eventrations °f the indicated drugs 
in DMEM for 24 h. Cells were washed twice in PBS and then 
incubated in DMEM containing luCi/well 3 H -thymidine. 
Proliferation was determined as. in Fig. i. Panel B5 Effecfc 
of various polymers on phorbol ester (TPA)-induced rvsmc 
proliferation. Cells were seeded, treated with compounds 
and pulse-labeled with 3 H -thymidine as performed in Panel A 
above . 
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Figure 3 shows the inhibition of PDGF-induced 

proliferation of rabbit wacnia^ *.w 

saoo « vascular smooth muscle cells by MDL 

100,127. Numbers shown represent the [MDL 100,127] in 
ug/ml. Cells (5 x 104) were serum-arrested i„ 0.2% FBS for 
24 h, stimulated with PDGF in 0.2% horse plasma-derived 



I 
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seriim (PDS) containing the indicated MDL 100,127 
concentrations for 21 h and then pulse-labeled for 1 h with 
luCi 3H-thymidine/well. Total counts/well were determined 
after solubilization in 1 M NaOH. DMEM: cells receiving 
5 DMEM only; PDGF: cells stimulated with 5 ng/ml PDGP; and 
cells stimulated with 5 ng/ml PDGP in 50 , 10, 2,0.4 and 
0.08 ug/ml MDL 100,127. 

Figure 4 shows the inhibition of PDGP-induced 
10 proliferation of calf coronary vsmc by MDL 100,127. 

Conditions and procedures are identical to those in Fig. 3. 

Figure 5 shows the inhibition of PDGF-induced 
proliferation of calf pulmonary vascular smooth muscle 
15 cells by MDL 100,127. Conditions and procedures are 
identical to those of Fig. 3. 

Figure 6 shows the effect of 20 ug/ml MDL 100,127 on 
rvsmc proliferation when added at various times post- 
20 stimulation of cells with 5 ng/ml PDGF. Cells were 

synchronized for 48 h in 0.2% FBS and stimulated by 5 ng/ml 
PDGF in 0.2% PDS. MDL 100,127 was added either at the time 
of PDGF stimulation (time 0) or at various times post- 
stimulation with PDGF. Cultures were pulse-labeled for 2 h 
25 with luCi 3 H -thymidine/well beginning at 21 h post- 
stimulation with PDGF in all of the experiments performed. 
The cells were then harvested and counted. Parallel 
samples to which MDL 100,127 was added 15 h and 18 h post- 
PDGF stimulation were used to determine the amount of 
30 trichloroacetic acid (TCA) soluble and TCA insoluble counts 
present in total cellular soluble thymidine pools and DMA, 
respectively. The 15 h and 18 h samples were incubated for 
6 and 3 h, respectively, in 20 pg/ml MDL 100,127 before the 
pulse label. The presence of these compounds did not block 
35 uptake of 3 H -thymidine in soluble cellular pools or in DMA 



WO 94/04164 

PCI7US93/06693 

-22- 

at these two time points T h« fl #• 

compounds do not bW ... cel1 cycle "» 

antiproliferative oe ^ ° £ thlmm " e - Ttas ' 

5 S-phase and does „o ° r ^eoT" '° » 

Figure 7 shows that MDL 100 127 hi«„u ^ 
"wscle proliferative . «<M27 blocks the smooth 

was a modification of the „ • • , ex Pe"aental protocol 
-ex descrihed ^ tZZTTA"Z b T m ln3Ury 

P« 227 (1963) Male c Ges. Evn. n? 

.'"tnetu .xTr::,?* -^^r^. 

XS ( Par*e- Da vis. Morris ' ««- "iamyXol 

beXXoon (catheter ,i„ « * P ° 9attI ' ^Xectomy 

the carotid .rt.rv .nl ' i ° Se " ed ™r <* 

Th. catheter *"» * "» — 1-1 .rt.ry. 

with the baXlccn I,'tf„n ° tiBKS " induce 
20 haxxoon was the, d Xa e d 1 cath't"' 

animaxs sutured and In a Cathet " removed, the 
control grouT?™ ! ! '° " COVer • P»*iv. 
receive lru, £ JT °°° e * U " t » i «- — «d not 

catheterij ^ZZ^T? l ~» "» — 
» the time o£ balloon 9 J* °< »..», at 

negative controi „„,, ,„., " " h «"°«-»»3«ry. The 
receive dru 9 . ThesTL" ^ ° Per " ed and did 

rrested indLticaU 5 ; HZ^VZZ? "* 
»ere not baXXoon catheter!*.! ' C ° UP! they 

30 procedure and were saerTfi^'a. \ m " ind th « 

«re removed adiL*!. Post-injury. Sorta3 

expxanted in o c '"''^ lh ° ««as 

■ OMEM containing 10 uCi 3H-r-h,m,,..- 

- -ted. M ^ = d iSr^^-. 
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5 .ionfT ^ ° h °™ 10 "** ad " i "i»«tio» Of MDL 100 12, 
p 01 10a " ' SUPPreSSed a0r "° 

Seated . y ' C ° UntS " ere 0btai '«' J i» 'he 

^ treated gro „p r61ati „. to the s „a» operated 9 ro„p ,p<.. 05) . 

.ffectToVth'e ™ th , at " Dl 101 ' 044 a " d 100 ' 1 " *»• -il-i 
actuated pa^LxtX^f^nC ITL-a 
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TABLE 1 

EFFECT OF COMPOUNDS ON THE COAGULATION 
PROPERTIES OF BOVINE PLASMA 



[Compound] 
ng/ml 
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Other embodiments of the invention will be apparent to 
those skilled in the art from a consideration of this 
specification or practice of the invention disclosed 
herein. It is intended that the specification and examples 
be considered as exemplary only, with the true scope and 
spirit of the invention being indicated by the following 
claims. 
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WHAT IS CLAIMED ISi 



1. A method of inhibiting proliferation of smooth 
muscle cells in a patient in need thereof which comprises 
5 administering to the patient an antiproliferative amount of 
an anionic polyamide and polyurea oligomer of formulae la 
and lb, respectively, 



1C 



R6 



O 
II 

G- 



O 
II 

X3 - C — N 
I 

H 



-X-N 



H 



R7 



1a 



2C 
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O 
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II 




— N 






-c - 








m 



N 
I 

H 



X' 



O 
II 

N -C 

i 

H 



H 
I 

N-R3 



1b 



30 



wherein 

X and X3 each independently represent either a 
phenylene group of the formulae 



35 




a biphenylene group of the formulae 
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x " is a group of the formulae 



M ■ 
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R> • 
R 1 






O 




o 
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* is an integer 0 or 1, „i th n,- 

atom; " 8 is a hydrogen 
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n is an integer of from 3 to 50; 

R represents a hydrogen atom, a Cl -C« alkyl group, a 
^^^^ -stUuU 



with a STTlSbStiiSSSu^ 

-P03(R 2)2 , or -OP03H, and optionally substituted vUh 

o?u:° a i 3 ky r tituents — *- — 

10 

* represents -so 3 R 2 , -co 2 R 2 , -po 3 (r 2)2 , or 

aL e !! r M entS 3 hydr ° 9en at ° m " 3 Pnarmaceutically 

acceptable cation; y 

15 

a! Z~ " R " » « - «« are defined 

20 o 6 / ePreSentS R20-/RNH-, or 

20 R-C(=0)-NH-X"-NH-; and 

R-cr-m eSentS ' hydr ° 9en at °°' R2 °-C(=o,-x«-c { =o,-, 

C(-O)-, or RNH-C(=0)-X«-C(=0)-. 

25 e Ji 5 . Amethod - i wherein n is an integer of froa 

3. A rnethod of claia 1 wherein „ U ^ integer ^ 
0 4. A method of clai* 2 wherein RX u , ^ ^ 

5- A method of claim 4 wherein R 2 is a sodiu* cation. 

3 s » r, n A ° f Cl3im 4 Wherein « 6 ^ a 

35 R-C(=0)-NH-X»-NH- group 
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7. A method of claim 6 wherein R is a phenyl or a 
4-methylphenyl group. 



8. A method of claim 6 wherein X" is a group of the 
5 formulae 




and 



9. A method of claim 4 wherein R7 is a R-C(=0)- group. 

10. A method of claim 9 wherein R is a phenyl or a 
15 4-methylphenyl group. 



11. A method of claim 4 wherein X3 is a paraphenyl 
group. 



ene 



20 



12. A method of claim 4 wherein X is a group of the 
formula 




and 




30 



13. A method of claim 4 wherein R6 is a 
R-C(=0)-NH-X"-NE-, X3 is a paraphenylene group, x is 
biphenylene group of the formulae 
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R1 

and -^O)- • 

R' is a R-C(=0)- group, and R is a 4-methylphenyl group. 

14. a method of claim 4 wherein m is the integer 1. 

15. A method of claim 14 wherein R is a phenyl or 
4-methylphenyl group. 

16. A method of claim 14 wherein X' is a group of one 
15 of the formulae 



10 



R ' 




17. A method of claim 14 wherein R is a 4-methylphenyl 
group, X' is a group of the formulae 



R 1 

O)— CH = CH 

R 





and R3 is a 4-methylphenyl group. 



35 



i 



WO 94/04164 



PCT/US93/06693 



-31- 



18. A method of claim 1 wherein the oligomer is a 
polyurea of Formula I wherein R and R3 are a 4-raethylphenyl 
group; m is 1; n is 3 to 15; X represents 



R20 3 S 



S0 3 R2 r2 q 3S S03R2 




S0 3 R2 



SO3R2 
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S0 3 R2 



S0 3 R2 



R20 3 S 




S0 3 R2 , 



15 



20 




R2Q 3 S 



25 




or 



S0 3 R2 




R20 3 S 



and R2 is as defined as in claim 1. 



30 



19. The use of the compounds of claim 1 for the 
manufacture of pharmaceutical compositions useful in the 
inhibition of smooth muscle cell proliferation. 
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Effect of Polymers on Serum- Induced SMC 
Proliferation 




100 (ug/ml) 
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FIG. lb Effect of Polymers on Serum- Induced SMC Proliferation 
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FIG. 2a 2/7 

Effect of Polymers on DNA Synthesis in SMC 
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FIG. 2b 



Effect of Polymers on DNA Synthesis in SMC 
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FIG. 3 
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FIG.4 



80000 



° Calf Cor 



60000 



a 
o 

| 40000 

E 

>» 

\- 

£ 20000 
to 




DMEM PDGF 50 10 ' 2 0.4 
MDLI00, I27(jig/ml)' 



0.08 



SUBSTITUTE SHEET 



WO 94/04164 



PCT/US93/06693 



5/7 



FIG. 5 
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FIG. 6 
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FIG.7 
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